Objective: To examine the association between cardiorespiratory fitness and dietary patterns in adolescents. Design: Food choice was assessed using the validated New Zealand Adolescent FFQ. Principal components analysis was used to determine dietary patterns. Trained research assistants measured participants' height and body mass. Cardiorespiratory fitness was assessed in a subset of participants using the multistage 20 m shuttle run. The level and stage were recorded, and the corresponding VO 2max was calculated. Differences in mean VO 2max according to sex and BMI were assessed using t tests, while associations between cardiorespiratory fitness and dietary patterns were examined using linear regression analyses adjusted for age, sex, school attended, socio-economic deprivation and BMI. Setting: Secondary schools in Otago, New Zealand. Subjects: Students (n 279) aged 14-18 years who completed an online lifestyle survey during a class period. Results: Principal components analysis produced three dietary patterns: 'Treat Foods', 'Fruits and Vegetables' and 'Basic Foods'. The 279 participants who provided questionnaire data and completed cardiorespiratory fitness testing had a mean age of 15·7 (SD 0·9) years. Mean VO 2max was 45·8 (SD 6·9) ml/kg per min. The 'Fruits and Vegetables' pattern was positively associated with VO 2max in the total sample (β = 0·04; 95 %CI 0·02, 0·07), girls (β = 0·06; 95 % CI 0·03, 0·10) and boys (β = 0·03; 95 % CI 0·01, 0·05). Conclusions: These results indicate that increase in cardiorespiratory fitness was associated with a healthier dietary pattern, suggesting both should be targeted as part of a global lifestyle approach. Longitudinal studies are needed to confirm this association in relation to health outcomes in New Zealand adolescents.
Cardiorespiratory fitness has important health implications during adolescence and throughout adulthood (1) . Low levels of cardiorespiratory fitness have been linked to excessive body fatness (2) (3) (4) , elevations in CVD risk markers including total cholesterol, systolic blood pressure and TAG (2, 3, 5) , and diabetes risk (2, 6, 7) . In addition, one study examining longitudinal evidence suggests that cardiorespiratory fitness between 13 and 16 years is related to healthier CVD risk profiles (total cholesterol and total cholesterol:HDL cholesterol) 15 years later (5) . FITNESSGRAM ® established the Healthy Fitness Zones, using age-and sex-specific cut-offs, to represent the lowest levels of cardiorespiratory fitness linked to adequate health-related outcomes (8) . High cardiorespiratory fitness, defined as meeting or exceeding the FITNESSGRAM ® standard (criterion VO 2max of 42 ml/kg per min and 35 ml/kg per min for 14-18-year-old boys and girls, respectively (8) ), has been found to be positively associated with healthier cardiovascular risk profiles, healthier body compositions and improved insulin sensitivity (9) . Nutrition is another important modifiable risk factor associated with health. Diets habitually containing high intakes of fruits and vegetables can confer many health benefits including lower risk of developing certain cancers and prevention of obesity and CVD (10) . As both cardiorespiratory fitness and nutrition may be important to adolescents' current and future health it is important to investigate whether they are associated, as these may be potential targets for interventions in order to prevent undesirable behaviours impacting adolescent health or becoming lifelong habits.
The few studies investigating cardiorespiratory fitness and nutrition have mostly focused on specific food groups or nutrient intakes, mostly in adults (11) (12) (13) (14) (15) (16) ; of the studies in adolescents (17) (18) (19) , the results have not always been congruent. Cardiorespiratory fitness has been found to be positively associated with higher usual intakes of fruit, vegetables, bread and dairy products (16, 20) , and negatively associated with sweetened beverages in both adolescents (17) and young adults (aged 23-27 years) (13) . These results are reflected in studies examining usual nutrient intakes, with high cardiorespiratory fitness being associated with higher intakes of folate, vitamins A and C, Ca and fibre, and lower intakes of fat and sucrose (13) . However, despite these positive findings others have found no evidence of an association (18, 19) . As the current research suggests inconsistent agreement between cardiorespiratory fitness and food group and nutrient intakes, further research is required in order to clarify associations. Dietary patterns may offer a novel way to investigate dietary intake by taking into account the way foods are consumed in combination. So far only one study has investigated dietary patterns and cardiorespiratory fitness, and this was in adults (16) . The authors found that increasing 'meat' pattern score was negatively associated with treadmill duration (in seconds) in 'white' males (β = − 36·71 (SE 8·24), P < 0·0001) and 'white' females (β = 18·82 (SE 9·04), P < 0·05) but not the 'black' males or females. The reverse was true for the 'fruit-vegetable' pattern, so that increase in this pattern score was positively associated with treadmill duration (in seconds) but in 'white' males only (β = 11·65 (SE 5·45), P < 0·05) (16) . These results are not dissimilar to the themes seen in previous work investigating food group and nutrient intakes (13, 17) and suggest that cardiorespiratory fitness and a healthy diet may be part of an overall healthy lifestyle. However, more studies are required to confirm these associations, particularly among adolescents.
Therefore, the aim of the present study was to investigate the association between cardiorespiratory fitness and dietary patterns in adolescents. It was hypothesised that cardiorespiratory fitness would be positively associated with dietary patterns reflecting high fruit and vegetable consumption, and negatively associated with dietary patterns reflecting greater consumption of 'treat' type foods.
Methods

Study design and participants
The present study analysed data collected from 279 school students as part of the Otago School Students Lifestyle Survey Two (OSSLS2), a cross-sectional study conducted from February to June 2011 in the Otago province of New Zealand, which collected information from 730 participants. Data were collected on food choice, psychosocial correlates of diet, eating behaviours and body composition. Secondary schools in the Otago area were invited to take part in the study. Randomly selected classes from school years 11 to 13 in each school were invited to take part, with one class from each school year in smaller schools and up to four classes in larger schools invited. All testing took place during school hours, with the exact time depending on the schools' timetable and as previously described (21) . In the week before the projected data collection, invited students were given information sheets and consent forms for themselves and their parents. Students were required to sign a consent form in order to participate, while parents were only required to sign a form if they wished their child to opt out of the study. The recruitment of OSSLS2 participants has been reported in further detail elsewhere (21) .
Survey
The survey was administered online during class time in the schools' computer rooms. Students supplied information on their date of birth, age, sex, ethnicity and residential address. Ethnicity was categorised into three groups: Māori, Pacific or 'New Zealand European and Other'. School decile was determined by the deprivation level, as measured by census data (22) , of students attending the school, with the lowest decile rating reflecting the 10 % of schools nationwide with students mostly from high deprivation areas and the highest decile rating reflecting the upper 10 % of schools with students from mostly low deprivation areas (23) . School decile was divided into 'middle' (deciles 5 to 8) and 'high' (deciles 9 and 10).
Food consumption was assessed using the New Zealand Adolescent FFQ adapted from the Health Behaviour in School-aged Children study (24) . This questionnaire was pre-tested in a sample of adolescents from Otago before use in OSSLS2 and showed good repeatability and relative validity (25) . Participants were asked: 'On average, how many times a week do you usually eat or drink any of the following foods?' The food items assessed were 'fruit', 'vegetables', 'sweets' (e.g. jelly beans, marshmallows, etc.), 'chocolate confectionery' (e.g. chocolate, Moro, Crunchie, etc.), 'standard milk' (≈3·3 % total fat), 'other milk' (low-fat, rice, soya), 'cheese', 'breakfast cereals', 'white bread', 'brown/ wholegrain bread', 'potato crisps', 'hot chips/fries', 'artificially sweetened soft drinks' (e.g. Diet Coke, Coke Zero, etc.), 'regular soft drinks' (e.g. Coke, Pepsi, etc.), 'energy drinks' (e.g. Red Bull), 'sports drinks' (e.g. Powerade), 'fruit juice/ fruit drinks' and 'alcohol'. Regular soft drinks, energy drinks and sports drinks were collapsed into one food group called 'sugar-sweetened soft drinks'.
Body composition
Height and weight were collected during the time the students completed the online survey. Students had their height measured twice to the nearest millimetre using a calibrated portable stadiometer (manufactured by the Physical Education Department Workshops for use in the Life in New Zealand survey, University of Otago) and weight, in light clothing, measured to the nearest kilogram using a calibrated segmental bioelectrical impedance analyser (BC-418; Tanita Corporation, Japan), by trained research assistants. BMI was calculated and thinness, normal-weight, overweight and obese categories were determined using the 2012 International Obesity Task Force cut-off points (26) . Because the prevalence of obese individuals in the current sample was small, the overweight and obese groups were combined, hereafter referred to as 'overweight'. Likewise, those with a low BMI-for-age (thinness) were combined with the normal-weight, hereafter referred to as 'non-overweight'.
Cardiorespiratory fitness testing Fitness testing was undertaken on a convenience sub-sample of the participants from the OSSLS2, as participants had to opt in to the fitness testing. Léger et al.'s (27) 20 m multistage fitness test was used to determine cardiorespiratory fitness. All study personnel were trained prior to data collection. The 20 m multistage fitness test was performed on a tennis court or in a gymnasium, at the participants' schools. Participants were instructed to run between two parallel lines of cones, 20 m apart, pacing themselves in accordance with the pre-recorded beeps emitted from a stereo system. The test began with a pace of 8·5 km/h, increasing by 0·5 km/h every minute (or stage). If a participant failed to reach the line of cones before the next beep sounded they were warned. If two consecutive beeps were missed the participant was withdrawn from the test and their last stage and lap were recorded.
The 20 m multistage fitness test results were used to determine VO 2max relative to body mass (ml/kg per min) for each participant using the predictive equations of Léger et al. (27) , which have been previously validated in adolescents (27) . Participants were additionally categorised into low and high cardiorespiratory fitness using the FITNESSGRAM ® standards for the Healthy Fitness Zone cut-offs (criterion VO 2max of 42 ml/kg per min and 35 ml/kg per min for 14-18-year-old boys and girls, respectively) (8) .
Statistical analysis
Statistical analyses were undertaken using the statistical software package Stata version 12·0IC. Dietary pattern scores were derived using principal components analysis in the entire OSSLS2 sample. The principal components analysis was based on sixteen food items (fruit, vegetables, sweets, chocolate confectionery, standard milk, other milks, cheese, breakfast cereals, white bread, brown/wholegrain bread, potato crisps, hot chips/fries, artificially sweetened soft drinks, sugar-sweetened soft drinks, fruit juice and alcohol).
Principal components analysis produced three components, which explained 46·7 % of the total variance within the food data: (i) a 'Treat Foods' pattern (sweets, chocolate confectionery, potato crisps, sugar-sweetened and artificially sweetened soft drinks); (ii) a 'Fruits and Vegetables' pattern (fruit, vegetables, cheese and brown/multigrain bread); and (iii) a 'Basic Foods' pattern (standard milk, other milks, white bread and breakfast cereals). The development of these patterns has been reported in further detail elsewhere (21) .
Only participants who had complete data for all variables were included in the final analysis (n 279). Differences in sample characteristics were examined in two ways: (i) using χ 2 tests, accounting for clusters, for categorical variables presented as unadjusted numbers and percentages; and (ii) continuous variables were presented as means and standard deviations adjusted for clustering, and differences were assessed with linear regression with sandwich estimators to adjust the standard errors and school as the clustering unit.
Dietary patterns derived from principal components analysis were examined as the dependent variables, while cardiorespiratory fitness (continuous VO 2max and FITNESSGRAM ® categories) was the independent variable in regression modelling. Linear regression analysis was undertaken using the regress command in Stata. Sandwich estimators were used to adjust the standard errors with the robust command in Stata and school as the clustering unit because schools were the primary sampling unit. Model assumptions were checked (28) . In total four models were used to examine these associations. Model 1 was adjusted for age. As sex (29) , socio-economic status (school decile) (30) and BMI (21) have been found to be associated with food choice, these factors were included in model 2. As boys and girls have been shown to have differing associations with dietary patterns (21) , model 3 and model 4 were run separately for boys and girls, with model 3 adjusted for age and model 4 adjusted for age, BMI category and school decile. Cardiorespiratory fitness × sex interactions were examined.
A two-sided P value of <0·05 was considered statistically significant.
Results
Demographic characteristics
Of those who took part in the online survey (730 participants), a convenience sub-sample of 40 % also completed the cardiorespiratory fitness testing. For the current analyses 279 participants (38 % of all survey participants) provided complete demographic, food and fitness data (thirteen participants who completed the fitness testing did not have sufficient online survey data to be included in the current analysis). Of the eleven schools surveyed in the OSSLS2 study, only one school had no survey participants complete the cardiorespiratory fitness testing. However, students from the missing school represented only 1·5 % of those who completed the study (data not shown). Students who took part in the cardiorespiratory testing did not differ from those who did not by sex, ethnicity, school year, BMI or pattern scores. However, a higher proportion of students who took part in the cardiorespiratory fitness tests were from a 'high decile' school (65 %) compared with those who did not take part in the testing (57 %; P = 0·048).
The mean age of participants was 15·7 (SD 0·4) years and ranged from 14 to 18 years. Most of the students included in the current analyses were 'New Zealand European and Other' (90 %) and just over half of the students were in school year 11 ( Table 1 ). The highest proportion of students was from the least deprived neighbourhoods (data not shown), in agreement with 65 % of students attending a 'high decile' school (Table 1) . Most students were non-overweight (78 %; Table 1 ), and of the 279 participants 6 % were classified as having a low BMI-for-age and 5 % were obese. Girls who completed the cardiorespiratory fitness testing had significantly lower 'Treat Foods' and 'Basic Foods' scores and higher 'Fruits and Vegetables' scores than the boys (P < 0·05; Table 1 ). Higher levels of cardiorespiratory fitness were seen in boys compared with girls and in those who were non-overweight compared with those classified as overweight (Table 2) .
Continuous VO 2max models
The association between VO 2max and the 'Treat Foods' dietary pattern for boys was a negative linear association (β = − 0·024; 95 % CI −0·037, −0·011; Table 3 ). The association between VO 2max and the 'Fruits and Vegetables' dietary pattern for the total sample was a positive linear association (β = 0·04; 95 % CI 0·013, 0·066; Table 3 ), indicating that with increasing fitness, adolescents reported consuming more fruit, vegetables, cheese and multigrain bread. A significant VO 2max × sex interaction was seen in the 'Fruits and Vegetables' model only (P < 0·05).
FITNESSGRAM
® models Despite the potential loss of information (31) , categorisation can be justified if a cut-off point is related to health, as is the case with the FITNESSGRAM ® cut-offs. With this in mind, and in order to allow for comparison between other studies, linear regression analyses were also run using the FITNESSGRAM ® cut-offs (Table 4) . Those classified by the FITNESSGRAM ® cut-offs as having high cardiorespiratory fitness had lower 'Treat Foods' pattern scores than individuals classified as having low cardiorespiratory fitness (β = −0·56; 95 % CI −1·05, −0·06; Table 4 ). CRF, cardiorespiratory fitness; OSSLS2, Otago School Students Lifestyle Survey Two; PCA, principal components analysis. *Criterion VO 2max of 42 ml/kg/min and 35 ml/kg/min for 14-18-year-old boys and girls, respectively (7) . †Standard deviations adjusted for clustering by school. ‡Linear regression with the PCA-derived dietary patterns as the dependent variables, sex or BMI category as the independent variable, additionally adjusted for age, sex or overweight status, and school decile, with clustering by school and robust standard errors. §Row percentage, unadjusted for confounders. ||P for χ 2 test for differences between sexes and BMI categories, adjusted for clustering by school. CRF, cardiorespiratory fitness; PCA, principal components analysis. Model 1 = adjusted for age; model 2 = adjusted for age, sex, overweight and school decile; model 3 = adjusted for age; model 4 = adjusted for age, overweight and school decile. *Criterion VO 2max of 42 ml/kg per min and 35 ml/kg per min for 14-18-year-old boys and girls, respectively (7) . †Linear regression with PCA-derived dietary patterns as the dependent variables, FITNESSGRAM ® category as the independent variable, with clustering by school and robust standard errors. Unstandardised regression coefficient; expected change in the mean dietary pattern score for those defined as having high CRF compared with those with low CRF.
‡Number of those defined as having high CRF/total number of CRF participants.
Discussion
To our knowledge, the present study is the first to use dietary pattern analysis to examine the association between cardiorespiratory fitness and overall diet in adolescents and the most recent study to measure cardiorespiratory fitness in older New Zealand adolescents. Dietary patterns were examined as the outcome variable in order to determine how diet differs between cardiorespiratory fitness levels of adolescents. The study suggests fitter adolescents have healthier dietary patterns. Fitter individuals had higher 'Fruits and Vegetables' dietary pattern scores and lower 'Treat Foods' dietary pattern scores than less fit adolescents, as indicated by their higher reported frequency of consumption of fruit, vegetables, cheese and brown/wholegrain bread and lower frequency of consumption of sweets, chocolates, crisps, fries and sugar-sweetened drinks. The limited numbers of studies investigating cardiorespiratory fitness and diet have not always found congruent results. Positive findings were found in a large European study (17) and no evidence of an association was seen in two smaller American studies (18, 19) . The current study aimed to clarify associations between cardiorespiratory fitness and diet in adolescents with the use of dietary patterns, which may offer a novel way to investigate dietary intake by taking into account the way foods are consumed in combination. This being said, the results of the current study are similar to previous work investigating cardiorespiratory fitness and food groups (17) . European adolescents classified as having high fitness were found to have lower mean usual intakes of 'sweetened beverages', a component of the current 'Treat Foods' pattern, than those classified as having low cardiorespiratory fitness (17) . Congruent with the findings of previous studies investigating dietary patterns in adults (16) , the 'Fruits and Vegetables' pattern score increased with increasing cardiorespiratory fitness, indicating that those with high cardiovascular fitness reported more frequent consumption of fruits and vegetables than less fit individuals. These results are also in agreement with work investigating fitness and food groups (17, 19) . As the previous studies have not presented standardised coefficients, it is hard to compare effect sizes. CuencaGarcía et al. (17) reported an unstandardised coefficient for VO 2max (ml/kg per min) and fruit intake of 1·337 (95 % CI 0·168, 2·506) and 1·351 (95 % CI −0·013, 2·715) for boys and girls, respectively, while the current study found much smaller coefficients of 0·06 (95 % CI 0·04, 0·09) and 0·03 (95 % CI 0·00, 0·05). As the current analysis uses dietary patterns, which take into account multiple food items, and the dietary pattern scores have been standardised, the smaller effect sizes seen in the current study are not unexpected and may still have important public health implications. The current results suggest an approximate half-a-standard-deviation difference for 'Treat Foods' score between those with high cardiorespiratory fitness and those with low. Half-a-standard-deviation difference in the 'Treat Foods' pattern translates to approximately half an extra eating occasion of sweets, chocolates, crisps, fries, artificially sweetened soft drinks, and two extra eating occasions of sugar-sweetened soft drinks each week. Unfortunately, as we cannot determine the dietary energy from these extra eating occasions, we cannot determine the clinical significance in terms of potential weight gain. However, we do know that aerobic fitness is inversely associated with adiposity in children (32) and therefore any extra energy intake by the least fit group is probably undesirable from a body composition and health perspective.
The current research suggests that fitter adolescents are consuming healthier diets. The least fit adolescents may consume 'unhealthy' foods with increased frequency and 'healthy' foods with decreased frequency because they lack nutrition knowledge or their consumption pattern may be part of an unhealthy lifestyle. As the current study assessed only frequency of intake we cannot rule out the possibility that less fit individuals consume 'unhealthy' foods in smaller portions frequently while fitter individuals eat larger portions less frequently; and vice versa for the 'healthier' foods. However, previous research results, which adjusted for energy intake, are consistent with the current study (17, 19) . Although we did control for weight status in our models there was a high proportion of participants in the normal-weight BMI category and this may have influenced the results. Whether such a finding would have been seen in a population with a more diverse BMI cannot be concluded.
To date, the present and previous studies examining cardiorespiratory fitness and diet (17, 19) have been crosssectional and as such causality cannot be determined. However, physical activity may help explain this association. It is possible that those with a higher cardiorespiratory fitness are more active and more likely to be health conscious, so consume less treat/snack type foods. While it is outside the scope of the current paper to investigate a possible mechanism of action, recent evidence suggests that physical activity and eating behaviour may be related through a common neurocognitive pathway. A study in women suggested that moderate-to-vigorous activity might reduce neurologically determined food motivation, regardless of BMI classification (33) . However, that study had a small sample and assessed only short-term activity and food motivation. Nevertheless, if these results are repeatable, they support the neurocognitive association between activity and eating behaviour suggested by a recent review (34) . The review postulated that physical activity might help modify eating behaviour and thus help address the obesity epidemic (34) . The current study found a lack of evidence for an association between VO 2max and the 'Basic Foods' pattern. However, previous work investigating cardiorespiratory fitness and intake of food groups suggests that fitter individuals had higher intake amounts of bread and dairy products (17) . Carbohydrate (e.g. sports drinks) and protein drinks (made with milk) can be common preexercise and exercise recovery foods (35) , with one study estimating 17 % of 16-18-year-old boys using protein supplements (36) . Therefore it may be likely that the association between VO 2max and these foods is a reflection of this behaviour in fitter individuals. Future research is required to ascertain the nature of the association between VO 2max and the 'Basic Foods' pattern, if one does actually exist.
The present study is the most recent one to measure cardiorespiratory fitness in New Zealand adolescents, in an internationally comparable way. While little recent literature exists on cardiorespiratory fitness in New Zealand, the current results are not dissimilar to those of a smaller New Zealand study in slightly younger adolescents (10-15 years) (37) . The use of the multistage 20 m shuttle run to assess cardiorespiratory fitness in the current study allowed direct comparison with other large studies in adolescent populations. In comparison to European adolescents of a similar age, the current sample completed more stages in the test resulting in higher predicted VO 2max and a higher prevalence of those classified as having high cardiorespiratory fitness than the European adolescents (38) . The comparatively higher levels of cardiorespiratory fitness seen in the current sample are most likely related to the self-selected nature of our fitness sample, which is reflected in the high proportion of individuals being classified as having high cardiorespiratory fitness by the FITNESSGRAM ® cut-offs. There are several limitations to the current study.
Comparison of cardiorespiratory fitness is difficult between studies as it can be assessed in various ways with numerous methodologies available within laboratory and field settings. However, the current study used the multistage 20 m shuttle run to assess cardiorespiratory fitness which, despite relying on predictive equations to estimate VO 2max , has been found to have reasonable validity and reliability in adolescent populations (27) . Further, as participants volunteered to participate in the fitness testing it is possible that those who were fitter were the ones who completed the testing compared with the less fit. However, this is an issue for any study where voluntary consent is required. Despite this the results suggest that there were some participants whose fitness levels were poor, suggesting that it was not only the more fit students who participated, and as previously stated there were no differences in the demographic characteristics of those who completed the fitness testing and those who only completed the online survey. Environmental impacts, in particular heat and humidity, may be another potential limitation with the multistage 20 m shuttle run (39) . In the current study participants were exposed to a wide range of weather conditions as data were collected from late summer to early winter. In order to standardise this, and the running surface, testing was completed inside the schools' own gymnasiums where possible. Although testing was completed throughout the school day, the maximal nature of the testing means that there is unlikely to be any effect from circadian variation in VO 2 uptake kinetics (40) . Physical activity levels may influence aerobic fitness; however, it has been shown that aerobic fitness is independently associated with adiposity in children (32) and therefore the aim of the present study was to investigate fitness rather than physical activity.
Some students may have terminated the test before true maximal capacity, or exhaustion, was reached. However, this is a problem all studies are likely to incur unless they measure VO 2max directly and apply a threshold to ensure maximal capacity is reached (41) . Trained research assistants encouraged students to push themselves and it is likely that as the test was completed in groups, students encouraged and competed against each other.
Despite these limitations, the multistage 20 m shuttle run method is good for use in epidemiological studies as it is inexpensive, large numbers can be tested in a relatively short time frame (e.g. a school class period) and the procedure is easy to implement and follow.
The high proportion of participants of 'New Zealand European and Other' ethnicity and of higher socioeconomic status potentially limits generalisibility to the New Zealand population. An Australian study investigating weight-related behaviours in children found differences in cardiorespiratory fitness according to socio-economic status and ethnicity. Middle-Eastern and Asian children from low-socio-economic homes were more likely to be classified as having low cardiorespiratory fitness by FITNESSGRAM ® than their 'English-speaking' counterparts (42) . These results suggest that ethnicity may be important in relation to cardiorespiratory fitness, although the authors do not propose reasons for these differences. It is possible that different cultures engage in activity differently, or place a different value on activity during childhood, and this results in differences in fitness levels. Despite the lack of diversity within the current sample, most secondary schools in Otago were sampled. In addition, the current study is the first to complete fitness testing in older New Zealand adolescents and despite the small sample size did find significant associations. Due to the self-selection into the fitness testing by students from the main study the high levels of cardiorespiratory fitness in the current sample are of little surprise and may have resulted in attenuation of the associations and bias estimates due to the under-representation of individuals with low fitness.
The FFQ used in the present study was pilot tested and validated in the sample population (25) ; however, the FFQ measured only frequency not amount of foods. Therefore we are unable to adjust for energy, as such we can only comment on the frequency of reported consumption. Nevertheless, dietary pattern analysis is a novel way of examining how foods are consumed in combination and extends previous work which focused on individual food groups and nutrient intakes. While a commonly cited limitation of dietary patterns is their apparent lack of generalisibiliy, previous studies have found similar types of patterns (43, 44) .
Conclusion
In conclusion, the current study adds to the limited literature investigating cardiorespiratory fitness and diet by providing evidence that fitter adolescents have healthier dietary patterns than less fitter adolescents. Longitudinal studies are needed to confirm these associations in relation to health outcomes. Future studies could investigate the differences in eating habits between the fit and unfit individuals and these differences could be targeted as part of an intervention. As we have shown that those with lower cardiorespiratory fitness have less healthy dietary patterns, improvements to both diet and fitness should be targeted as part of a global healthy lifestyle approach.
